INTRODUCTION
One of the most versatile uses of antibiotics is as potent drugs for clinical application. In recent years, attention has also been paid to agricultural uses of antibiotics, such as for feed additives for protecting plants and livestock against infectious diseases and for accelerating their growth. They are also used as food additives to retain freshness for an extended period.
The usefulness of antibiotics is not limited only to our daily needs, but also encompasses our research interests: they offer us remarkable experimental devices for biochemistry -novel biochemical tools, which have made a significant contribution to progress in this field (18) .
Cerulenin, an antibiotic discovered by Hata et al. in 1960, was originally found as an antifungal antibiotic (30) . Studies of its mode of action have revealed that it specifically inhibits the biosynthesis of fatty acids and sterols involving yeasts (55, 56) . It should be particularly noted that such specificity of cerulenin has been used by investigators in various fields of biochemistry. In this connection, the present review deals with studies, which have hitherto been reported, on the production, isolation, structure, and mode of action of cerulenin and its application as a biochemical tool. Unfortunately, the instability of the antibiotic in the animal body prevents its use in therapy as an antimicrobial agent or as an antilipogenic agent.
PRODUCING STRAIN AND PRODUCTION
OF CERULENIN The cerulenin-producing strain has some unique characteristics: it forms aerial hyphae and conidiophore when applied on Czapek agar as shown in Fig. 1 and Fig. 2 , respectively, and it forms bluish-green aerial mycelium on malt agar. It has thus been classified as genus Cephalosporium and accordingly named Cephalosporium caerulens (49) .
The production of cerulenin was originally performed under cultural conditions of 27 to 32TC by using glucose and glycerol as carbon sources and peptone and corn steep liquor as nitrogen sources (50) . Unfortunately, however, it was found that helvolic acid and steroidal antibiotics ( Fig. 3) were produced predominantly over cerulenin under these conditions. Such difficulties precluded the usefulness of this method for efficient production of cerulenin. Meanwhile, because much attention began to be paid to its specific mode of action as an inhibitor of lipid biosynthesis, a method was needed to improve the yield of cerulenin. As a matter of course, the condition of fermentative production of the antibiotic that was originally reported was reexamined.
As a beginning step to do so, the antimicrobial activities of cerulenin and helvolic acid were reevaluated. Among the microorganisms listed, Candida albicans KF-1 and Corynebacterium paurometablum KB-121 were chosen as the most appropriate test microorganisms for the selective bioassay of cerulenin and helvolic acid, respectively (36) .
Attempts were subsequently made to investigate the medium for the selective production of cerulenin. Although a previously employed production medium (50) that contained 6.0% glucose, 0.5% peptone, 0.3% NaCl, and 0.3% CaCO3 afforded mostly helvolic acid (350 ,tg/ ml) and a small amount of cerulenin (50 ,tg/ ml), further study revealed that a more suitable medium for the efficient production of cerulenin should contain 1% glucose, 3% glycerol, 0.5% peptone, and 0.2% NaCl. By using this produc-BACTERIOL. REV. tion medium, 250 pug of cerulenin per ml was obtained, with an almost negligible yield of helvolic acid. Thus, this improved method offered a simple procedure to produce and isolate a relatively large amount of the antibiotic at one time and in a short time.
To prepare 3H-labeled cerulenin under these producing conditions, further studies were made with regard to the effect of the time of the [3H]acetate addition and the glucose concentration in culture broth on the incorporation of [3H]acetate into cerulenin. The results showed that the highest specific radioactivity (4.5 x 10-3 cpm/mg) of 3H-labeled cerulenin was obtained by using the culture broth containing 2% glucose when [3H]acetate (1 ,uCi/ml) was added 14 h after the initiation of fermentation. '3C-labeled cerulenin was then prepared by adding the [L3C]acetate under these conditions. The nuclear magnetic resonance (NMR) spectrum of the '3C-labeled cerulenin thus obtained suggested that its biosynthesis arises from six molecules of acetates. Therefore, the biosynthesis of cerulenin is closely related to that of fatty acids, which are catalyzed by fatty acid synthetase (4).
Helicoceras oryzae (K. Furuya and M. Shirasaka, Japan Kokai patent 45-21638), Sartorya sp. (T. Yamano, H. Yamamoto, and S. Itsumi, Japan Kokai patent 47-24156), Acrocylindrium sp. (Furuya and Shirasaka, patent 45-21638), etc., have been known as the producing strains of cerulenin other than C. caerulens. On the other hand, it is known that helvolic acid, which tends to be produced simultaneously with cerulenin, is produced by Aspergillus fumigatus mutant helvola (9), Emericellopsis terricola (62) , and Acrocylindrium oryzae (15) . It is of interest to note in connection with chemotaxonomy that one compound arises from various kinds of producing strains, as seen in this case.
PHYSICOCHEMICAL PROPERTIES AND STRUCTURE It should be noted that the isolation and structural determination of antibacterial proto lanostan-type antibiotics, helvolic acid (62), helvolinic acid (63) , and 7-desacetoxyhelvolic acid (63) , and the pentaprenyl terpenoid antibiotic cepharonic acid (35) biotics are produced by the same producing strain (Fig. 3) . This was mainly due to the fact that cerulenin is somewhat unstable in methanolic solutions and that it does not show a single spot on a thin-layer chromatography plate when eluted with some solvent systems containing methanol. It was thus extremely difficult to prove that it was a single compound. Notwithstanding, molecular weight and the molecular formula were finally determined for the acid by mass and NMR spectroscopic methods. Table 1 shows the physicochemical properties of cerulenin (76) . The infrared spectrum (Fig. 4) (3,425, 3,225, 1,663 cm-', KBr) and the evolution of ammonia upon alkaline hydrolysis are compatible with the presence of a primary amide moiety in cerulenin (63) . It is also suggested by its infrared spectrum that there are trans-1,2-disubstituted olefin (969 cm-') and a carbonyl group (1,720 cm-'). In agreement with the NMR, infrared, and mass spectra of the products obtained by the chemical transformations shown in Fig. 5 (63, 64) , comparison of the optical rotary dispersion curve of hexahydrocerulenin with that of L-methyl malate reveals that the steric configuration of the two 1,2-disubstituted olefins are both trans and that the absolute configuration of the cis-epoxide is (2S,(3R) (63, 64) . By the use of NMR, the solvent effect at 100 MHz further establishes the position of the two olefinic bonds. Thus it is unambiguously concluded that the structure of cerulenin is (2S),(3R) 2,3-epoxy-4-oxo-7,10-dodecadienoyl amide (3) .
The fact that cerulenin is unstable in methanolic solutions is attributed to the structural transformation of the epoxide moiety located between the two carbonyl groups on C1 and C4 as evidenced by its CD spectrum (64).
BIOLOGICAL PROPERTIES OF CERULENIN As indicated in Table 2 and Table 3 Cerulenin shows neither hemolytic action on various erythrocytes nor irritability on the conjugative mucous membrane of rabbits. Its toxicity to mice is, consequently, relatively low (51) ( Table 4) .
It has been found that cerulenin causes curling of the microorganisms that belong to filamentous fungi, such as Trichophyton and Microsporium (51) . Among other derivatives of cerulenin in Fig. 5 , the only one that exhibits antimicrobial activity is tetrahydrocerulenin (16, 66) . This in turn suggests that the presence of the epoxide moiety is responsible for its salient antimicrobial activity.
ACTION MECHANISM OF CERULENIN
It has been reported that helvolic acid simultaneously produced with cerulenin inhibits the protein synthesis of Escherichia coli (22; Yamano et al., patent lenin is markedly reversed by ergocarciferol, laurate, and oleate, but is not reversed by other fatty acids, such as myristate and stearate. Moreover, it can be concluded that the amount of intracellular ergosterol in growing cells of C. stellatoidea incubated in the presence of cerulenin appreciably decreases compared with that of the normal cells grown without cerulenin. It is thus suspected that cerulenin plays an important role as an inhibitor of biosynthesis of sterols and fatty acids. This is further supported by the experimental observation that cerulenin inhibits the incorporation of the ['4C]acetate into sterols and fatty acids. In the presence of 0.1 ,ug of cerulenin per ml, the incorporation of the [1-_4C]acetate into fatty acid and sterol fraction is inhibited by almost 50%, but its inhibitory effect is enhanced up to 98.8 and 97.2%, respectively, at a concentration of 2.5 pug of cerulenin per ml.
Because cerulenin does not inhibit the incorporation of [2-"4C]mevalonate into the nonsaponifiable fraction (NSF), it is suggested that cerulenin works in an early stage of the pathway between acetate and mevalonate in sterol and fatty acid biosyntheses. The action of avidin, which inhibits acetyl-coenzyme A (CoA) carboxylase in yeast, is then compared with that of cerulenin in a cell-free system ofSaccharomyces cerevisiae (56) . Expectedly, however, the action of cerulenin described earlier is distinctive in that avidin does not inhibit the incorporation of [1-_4C] The activities of acyl-CoA transacylase, malonyl-CoA transacylase, and 83-ketoacyl reductase, all of which come from the partial reaction of fatty acid synthetase (type II) from M. phlei, are not affected by the antibiotic in concentrations of even 100 gg/ml. On the other hand, condensing enzyme (/3-ketoacyl thioester synthetase) was highly sensitive to cerulenin as assayed by measuring 14CO2 fixation into malonyl-CoA in the presence of acetyl-CoA (83) .
Because the f3-ketoacyl-ACP synthetase has not been dissociated in active form from the fatty acid synthetase of multienzyme complex, the effect of cerulenin on the isolated enzyme component could not be evaluated in that system. The effect of cerulenin and its analogue on homogenous (8-ketoacyl-acyl carrier protein synthetase from E. coli has been investigated (16) . The synthetase has been isolated as a homogenous protein and studied in detail (1, 25, 72, 75) . The reaction catalyzed by this enzyme proceeds in two partial reactions with an acyl-enzyme intermediate.
RCO-S-ACP + HS-E = RCO-S-E + ACP-SH (1) RCO-S-E + HOOCCH2CO-S-ACP =
RCOCH2CO-S-ACP + CO2 + HS-E (2) Sum: RCO-S-ACP + HOOCCH2CO-S-ACP = Thus, in reaction 1 the acyl group of an acyl-ACP is transferred to a sulfhydryl group of the enzyme to form an enzyme-thioester intermediate (25) . In reaction 2, the acyl group of the enzyme thioester is condensed with malonyl-ACP to form a (3-ketoacyl-thioester of ACP, CO2, and the free enzyme. The overall reaction, reaction 3, represents the condensation reaction of fatty acid synthesis.
The homogenous 8-ketoacyl-ACP synthetase was inhibited 50% by cerulenin at concentrations of less than 5 ,uM. The tetrahydrocerulenin also inhibited the enzyme, although substantially higher concentrations of inhibitor were required to reach similar inhibitory levels. The epoxide-free derivatives, dihydro-and hexahydrocerulenin, do not inhibit at even a concentration of 5.0 mM when tested under the similar conditions. The ,3-ketoacyl-ACP synthetase also catalyzes a number of model reactions that represent the component reactions and, therefore, the effect of cerulenin on each of these reactions was investigated. The activity of the fatty acyl transacylase (reaction 1), measured as the rate of [14C]hexanoyl ACP synthesis, and that of the decarboxylation in the absence of fatty acyl-ACP are inhibited by cerulenin.
The possibility that a covalent complex was formed between acyl-ACP synthetase and cerulenin was tested. When substrate quantities of enzyme are treated with 3H-labeled cerulenin and subjected to trichloroacetic acid precipitation, the resultant precipitate contains bound cerulenin. The amount of cerulenin bound to the enzyme is proportional to the extent of inhibition, and it is apparent that approximately 1 mol of cerulenin is bound to 1 mol of enzyme when inhibition of the enzyme approaches 100%. It has been established that inhibition of f3-ketoacyl-ACP synthetase by iodoacetamide is due to the alkylation of one cysteine residue per mole of enzyme (25) . The 77 and 82%, and into seed lipids by 80 and 83%. The antibiotic inhibits equally the elongation of oleate to erucic acid, which is the major fatty acid of the seed. There is no significant inhibition of fatty acid desaturation and acylation of lipids in either tissue.
Stumpf and his co-workers reported that the de novo synthesis by fatty acid synthetase from naturing safflower seeds and avocado mesocarp was fully inhibited by 10 pM cerulenin and that the enzymatic elongation from C16 to C18 was not affected by cerulenin (37) . These findings led them to conclude that the enzymatic systems involved in the two condensation reactions are distinctly different from each other.
As previously demonstrated by Appleby, cerulenin inhibits the elongation of [1-14C] oleic acid to erucic acid, whereas there is no effect of the antibiotic on the elongation from C16 to C18 with avocado mesocarp. This result indicates that there should be various kinds of elongation systems in plants.
EFFECT ON THE ENZYMES INVOLVED
IN STEROL SYNTHESIS The target of cerulenin on fatty acid biosynthesis was made clear. The location of the action of sterol biosynthesis has been well explored. Although it has been previously reported that cerulenin inhibits the incorporation of [14C]acetyl-CoA, but not that of [14C]mevalonate, into NSF in a cell-free system of yeast, three more steps still remained to be investigated (58), namely, the steps catalyzed by acetoacetyl-CoA thiolase, 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) synthase, and HMGCoA reductase (Fig. 6) , which is known as the rate-limiting enzyme of overall sterol synthesis in rat liver (74) .
In a cell-free system of S. cerevisiae, cerulenin inhibits the incorporation of ['4C]acetylCoA into NSF by 67% at 9 x 10-6 M (2 jig/ml) (58) . This inhibition is sufficient to account for the inhibition of overall sterol synthesis in vivo. On the contrary, the incorporation of [14C]HMG-CoA or [14C]mevalonate is not reduced up to concentrations of 2.3 x 10-4 M. This fact suggests that cerulenin has no effect on HMG-CoA reductase activity and on the subsequent steps of sterol synthesis. Therefore, the two catalytic steps, acetyl-CoA to acetoacetylCoA and then to HMG-CoA, must be affected by cerulenin. The effect of cerulenin on the two enzymes, acetoacetyl-CoA thiolase and HMG-CoA synthase, has been tested. Cerulenin has no effect on acetoacetyl-CoA thiolase activity at a concentration of 1 tion. This therefore implies that the inhibition appears to be noncompetitive.
The fact that cerulenin specifically inhibits the activity of HMG-CoA synthase suggests that the antibiotic possesses distinctly different modes of action from that of iodoacetamide (81) , which deactivates both HMG-CoA synthase and acetoacetyl-CoA thiolase.
The experimental observation that the cerulenin concentration required for 50% inhibition of HMG-CoA synthase activity (1.1 x 10-3 M) is higher than that required by inhibited incorporation of ['4C]acetyl-CoA into NSF by the cellfree system has not been explained.
INHIBITION OF "POLYKETIDE"
SYNTHESIS Shortly after the discovery that cerulenin specifically inhibited the biosynthesis of fatty acids, it was likewise expected that the antibiotic would have an inhibitory effect on the biosyntheses of macrolides (85) , in which aglycone is produced by condensation of acetate, malonate, or methyl malonate. At first, the action of cerulenin on the biosynthesis of leucomycin-A3 (Fig. 7) , one of the 16-membered macrolides (69) , was investigated (67) .
The cerulenin added to the culture is metabo- (84) , and LA-1 (Streptomyces kitasatoensis 4-4-2) (68) (Fig. 8) have been used as examples of such antibiotics and the effects of cerulenin on their production were studied (67) . In each case it has been found that the production of the VOL. 40, 1976 antibiotic, like that of leucomycin, is remarkably inhibited by cerulenin at a concentration of 10 to 20 jig/ml, i.e., 1/10 to 1/5 of the minimal inhibitory concentration against the organisms producing these antibiotics. On the other hand, even at a sufficiently high concentration that reduces glucose consumption (100 ,ug/ml) cerulenin does not inhibit the synthesis of dihydrostreptomycin (aminoglucoside antibiotic, Streptomyces sp. OS-3256) or prumycin (amino acid amino sugar antibiotic, Streptomyces kagawaensis) (65) , neither of which is expected to be synthesized in vivo through the polyketide. The minimal inhibitory concentrations of cerulenin against the above organisms are 200 ag/ ml for S. kitasatoensis 23-1 and S. kitasatoensis 4-4-2 and more than 200 ug/ml for the other organisms.
The mechanism of polyketide formation is considered to be the polymerization of acetate and malonate, which resembles the condensation of the two acids during the biosynthesis of a long-chain fatty acid. It is thought that the mechanism of polyketide formation lacks all or part of three reactions, hydrogenation, dehydration, and a second hydrogenation, which occur successively after condensation in fatty acid synthesis. The enzymatic reaction involving the first condensation step is common to both reactions. This implies that cerulenin inhibits the production of antibiotics synthesized in vivo through the polyketide. The incorporation of labeled acetate and propionate into the aglycone moiety of the polyene macrolides nystatin (8) , candicidin (44), amphotericin B (43) , and lucensomycin (46) has been described (48) . On the basis of this evidence it has been proposed that the polyene macrolide antibiotics are synthesized via the polyketide pathway by a head to tail condensation of acetate and propionate, previously activated to malonyl-CoA and methyl malonyl-CoA, respectively, in a manner similar to that found in fatty acid biosynthesis. Using a phosphate-limited, resting-cell system of Streptomyces griseus, Martin and McDaniel showed that cerulenin specifically inhibits the biosynthesis of candicidin (48) . Cells in which candicidin synthesis is completely inhibited for 10 h by the addition of 20 ,ug of cerulenin per ml remain capable of candicidin synthesis. After removal of the cerulenin by washing and suspension of the cells in fresh medium, candicidin synthesis resumes at a lower rate (70%) than that of the control.
Biosynthesis of flavonoids is an example for the application of the acetate rule to the synthesis of various aromatic ring structures (7, 45) . Recently, flavonone synthase, the enzyme catalyzing the formation of the flavonone naringenin from p-coumaroyl-CoA and malonyl-CoA (Fig. 9) , has been isolated and partially purified from fermentor-grown, light-induced cell suspension cultures of Petroselium hortense (40) . The enzyme is strongly inhibited by cerulenin and further inhibited by the reaction products such as naringenin, CoA-SH, and several compounds reactive with sulfhydryl groups. Approximately 80% inhibition of the reaction ca- talyzed by flavonone synthase is achieved by 0.5 ug (5 ug/ml) of cerulenin. The close similarity between the mechanisms of chain elongation in fatty acid and flavonone synthesis is suggested by these results. 6-Methyl salicylic acid (Fig. 10) is one of the simplest aromatic metabolites derived from polyketide. Synthesis of 6-methyl salicylic acid using the cell-free system from Penicillium urticae is inhibited up to 60% by 100 ,ug of cerulenin. This is the same extent to which fatty acid biosynthesis is inhibited by cerulenin.
On the basis of these results, along with the effect of cerulenin on antibiotic production (67) , it is possible, by examining the effect of cerulenin on the production of a natural product, at least one of microbial origin, to identify whether the product is synthesized through a polyketide intermediate. However, because the inhibitions of fatty acid and sterol syntheses take place simultaneously (60, 83) , such an experiment requires caution. Among other things, the product should not be synthesized through mevalonic acid. Secondly, cerulenin must not be added until the organism is fully grown, as demonstrated by our experiment, to reduce the secondary effects of the inhibition of lipid synthesis as much as possible.
APPLICATION AS A BIOCHEMICAL TOOL To control the fatty acid or lipid composition of bacterial membrane and to explore biochemical and biogenetic interference of fatty acid (or lipids), the following methods have been used: (i) unsaturated fatty acid and saturated fatty acid auxotrophs (13, 77, 78) ; (ii) temperaturesensitive mutants that require saturated and unsaturated fatty acid for growth (28, 29) , and the mutants with temperature-sensitive phosphatidyl serine decarboxylase (32); (iii) temperature control of fatty acid composition (11, 47) ; and (iv) the application of 3-decynoyl-N-acetylcysteamine, an inhibitor of fatty acid synthesis in E. coli (38, 39) .
Cerulenin has proved useful for studying the metabolism and the function of fatty acids in the cell membrane of bacteria (24) native even-carbon fatty acids are replaced by odd-carbon fatty acid. Those found in the reversed cells treated with oleate are almost all unsaturated fatty acids. In both experiments, in the presence of myristate and pentadecanoate along with cerulenin, these added fatty acids are metabolized to yield fatty acids with an extended carbon chain and unsaturated fatty acids. This fact suggests that cerulenin inhibits neither elongation nor dehydrogenation in S. cerevisiae. Accordingly, it has been suggested from these experimental observations that cerulenin could serve as a convenient alternative to mutants for studying membrane biogenesis ( (20, 21, 27) . However, there seem to be fewer reports on lipid metabolism during sporulation, especially in yeast, in spite of welldocumented lipid accumulation in sporulating cells (71) . Esposito et al. (19) have found two remarkable periods of lipid synthesis during sporulation of S. cerevisiae, which have been confirmed by Illingworth et al. (34) . Recently, Henry and Halvorson (33) have attempted a precise analysis of this process to show that much of the lipid synthesis is not specific to sporulation, and that, if the necessary diploids from the auxotrophs for saturated (77) and unsaturated fatty acids (82) are constructed, these strains could be used to determine the lipid requirement during sporulation.
The inhibition of sporulation in S. cerevisiae by cerulenin and its reversion by externally added fatty acid were studied (60) . Both palmitate and oleate reverse the inhibition of sporulation by cerulenin. Pentadecanoate is the most effective among the saturated fatty acids even though fatty acids with additional carbons are not detected in the resulting fatty acid of S. cerevisiae G 2-2.
It was unknown whether lipid synthesis during the earlier stage of sporulation occurred independently of other sporulation-related metabolic changes or as an early part of sequential changes among the sporulation-related changes. If the former were the case, exogenous fatty acids should have rapidly reversed the inhibited sporulation in the cells pretreated with cerulenin. If the latter were true, exogenous fatty acids should have required several hours to reverse the inhibited sporulation in cells pretreated with the antibiotic and to reverse the inhibited sporulation upon their addition 12 h or more later to the sporulation medium. When cerulenin was added to the sporulation medium later than 12 h after the start of incubation, the marked inhibition disappeared.
When the fatty acid fraction extracted from the sporulated yeasts was added to the cells pretreated with cerulenin for more than 6 h, sporulation became evident at 6 h after the addition of the fatty acid fraction. Therefore, sufficient synthesis of fatty acids required for sporulation was assumed to occur during the first 6 h in phase I of yeast sporulation.
Nunn and Cronan have performed the experiment using cerulenin to test in vivo if rel gene control of phospholipid synthesis is exerted solely at the level of fatty acid synthesis (57) . Phospholipid synthesis, as well as ribonucleic acid synthesis, is under control of the rel locus in E. coli (23, 53, 70, 80) . Amino acid starvation of stringent (rel+) bacteria results in a two-to fourfold decrease in phospholipid synthesis (23, 53, 70, 80 Although the bacteria ceased to grow upon inhibiting de novo fatty acid biosynthesis by the addition of cerulenin, they remained completely viable. Addition of 12-methyl tetradecanoate and palmitate to the culture medium of cerulenin-treated cells retains growth of the bacteria, albeit at a reduced rate. Although the de novo synthesis of all lipid components of the membrane is blocked, citrate-Mg2+ transport activity remains inducible and the induced cells do not lose this transport activity when treated with cerulenin. Shortly after the addition of cerulenin, the rate of ribonucleic acid synthesis drops rapidly and the rate of protein synthesis also decreases, but more slowly than the former. The rate of deoxyribonucleic acid synthesis remains almost unaffected.
Plasmid-mediated tetracycline resistance in S. aureus and enteric bacteria is usually inducible and appears to result from decreased uptake of antibiotic. Because plasmid-mediated tetracycline resistance probably results from the insertion of proteins into the membrane (42) , it is of interest to know whether or not resistance can be expressed in the absence of lipid synthesis. Chopra has used cerulenin to resolve this problem (10) . Addition of 125 ,ug of cerulenin per ml to growing cultures of UB4012 that contained plasmid pub... (specifying resistance to tetracycline) resulted in virtually complete inhibition of fatty acid synthesis.
Preincubation of UB4012 for 40 min with 5 tug of tetracycline per ml produced a marked fall in the subsequent inhibition of protein synthesis by tetracycline, compared with organisms grown initially in the absence of the drug. Addition of 125 ,ug of cerulenin per ml during preexposure of UB012 to 5 ug of tetracycline per ml had no effect on the subsequent degree of inhibition of protein synthesis by tetracycline compared with organisms preincubated in the presence of tetracylcine, but without cerulenin. On the basis of these results, it was concluded that the induction of tetracycline resistance remained unchanged whether it appeared in the absence of lipid synthesis or under normal growth conditions. Marr and Ingraham (47) have reported that the fraction of unsaturated fatty acid in the envelope phospholipids of E. coli increases markedly as the growth temperature is decreased. This observation was confirmed by a large number of investigators, but the mechanisms regulating this alteration were not fully understood regardless of the considerable amount of work done in this field. There had been two major interpretations to explain such thermal regulation. One claimed that the enzymes catalyzing phosphatidic acid synthesis would be sensitive to temperature change (79) and the other suggested that a control at the level of fatty acid synthesis should also be required.
Cronan carried out experiments, a part of which involved the utilization of cerulenin, to verify that both fatty acid synthesis and phosphatidic acid synthesis accounted for one site of the thermal regulation of phospholipid fatty acid composition. When cerulenin-treated cultures are grown with a mixture of [3H]palmitate and cis-[14C]vaccenate at various temperatures in the presence of cerulenin, at least 85% of the fatty acid moieties in the phospholipid are derived from these exogenously supplied fatty acids. These phospholipids are found to contain different ratios of the two acids. These ratios depend directly on the temperature of growth.
Because cerulenin possesses a number of remarkable biological activities that have never been found in other antibiotics, it will more and more frequently be used as an unequivocal bio-VOL. 40, 1976 on October 16, 2017 by guest http://mmbr.asm.org/ Downloaded from 694 OMURA chemical tool not only for the studies of fatty acid biosynthesis, but also for the biosynthesis, structure, and functions of membranes produced by microorganisms.
Prospectively, the antibiotic will be used, as various other enzyme inhibitors have been, in a variety of ways, for biosynthetic studies of natural organic compounds produced via polyketide and malonate and for enzymes involved with biosynthesis.
Despite the fact that cerulenin inhibits the biosynthesis of sterol, its producing strain, C. caerulens, simultaneously affords sterol antibiotics as described earlier. Why this biosynthetic system of sterol strongly resists cerulenin still remains a problem for future investigation. 
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